Objectives The objective was to identify clinical or ultrasonographic results associated with ureteral obstruction or outcome in cats with azotaemia. Methods This was a retrospective cross-sectional study of cats with azotaemia (serum creatinine >180 μmol/l) that had ultrasonography of the urinary tract, ultrasound images available for review and received treatment for azotaemia. Cats with pre-renal azotaemia or urethral obstruction were excluded. Associations between clinical and ultrasonographic results and the dependent variables 'tentative diagnosis of ureteral obstruction', 'pyelography positive for ureteral obstruction' and 'death in hospital' were tested using binary logistic regression. Results In total, 238 cats satisfied the inclusion criteria. Median age was 7 years (range 2 weeks to 20 years), duration of clinical signs was 7 days (range 1 day to 6.3 years) and serum creatinine was 417 μmol/l (range 184-2100 μmol/l). Tentative diagnosis of ureteral obstruction in 92/238 (39%) cats was significantly associated with unilateral enlarged kidney on palpation, and dilated renal pelvis and calculi within the ureter on ultrasonography. Pyelography was performed in 49/92 (53%) cats (16 bilateral) with a tentative diagnosis of ureteral obstruction, and was positive for obstruction in 46/65 (71%) instances. No significant differences in ultrasonographic signs were found between cats with obstructed and non-obstructed ureters. Receiver-operating characteristic analysis of renal pelvic diameter as a diagnostic test for ureteral obstruction found an area under the curve not significantly different from 0.5. There was good agreement between results of radiography and ultrasonography for presence of urinary calculi (kappa 0.67). Treatment was medical in 171 (72%) cats and surgical (ureteral stent or by-pass device) in 67 (28%). Death in hospital was significantly associated with serum creatinine and presence of peritoneal fluid, but not with clinical diagnosis, ultrasonographic signs or treatment method. Conclusions and relevance Ultrasonography may be used to identify azotaemic cats at greatest risk of ureteral obstruction, but when using pyelography as the reference test ultrasonography appears to be inaccurate for diagnosis of ureteral obstruction.
Introduction
Cats may present with azotaemia as a result of an acute kidney injury (AKI) or the cumulative effects of chronic kidney disease (CKD). 1, 2 History and clinical signs associated with azotaemia in cats are predominantly non-specific, such as inappetence, lethargy, vomiting and weight loss; 3 hence, diagnosis relies on determination of serum creatinine. Ureteral obstruction by calcium oxalate calculi is the most frequent, and increasingly frequent, cause of AKI in cats. [3] [4] [5] Like azotaemia, ureteral obstruction does not usually cause characteristic clinical signs. For example, nephromegaly or signs of pain on palpation of the affected kidney are observed infrequently. 6 For this reason, radiography or ultrasonography is indicated to look for ureteral calculi and signs of obstruction in cats presenting with azotaemia. 3 Given that unilateral ureteral obstruction will not result in azotaemia if the contralateral kidney is functioning well, it is essential to assess both kidneys for signs of obstruction and preexisting renal damage.
Diagnosis of ureteral obstruction in cats can be challenging. Accuracy of survey radiography or ultrasonography for detection of ureteral calculi is only moderate, 3 with instances of false-negative and falsepositive results having been recorded for both modalities. 3 Other ultrasonographic findings associated with ureteral obstruction include ipsilateral nephromegaly, pelvic and/or ureteral dilatation and perinephric fluid. 6 Renal size and the degree of pelvic dilatation are variable in cats with normal renal function, and normal values overlap with values observed in cats with renal disease or urinary obstruction. 6, 7 Two studies found that a renal pelvic diameter >13 mm was consistently associated with ureteral obstruction, 7, 8 but the majority of obstructed kidneys have less marked pelvic dilatation, so may appear similar to kidneys affected by CKD or pyelonephritis, which also frequently exhibit pelvic dilatation. 8 For these reasons, cats considered equivocal for ureteral obstruction at ultrasonography are candidates for antegrade pyelography. 9, 10 Antegrade pyelography is considered the most accurate test for ureteral obstruction. 10 Passage of contrast into the bladder proves ureteral patency, whereas lack of contrast passage indicates at least partial obstruction and usually identifies the site of an obstructive lesion. In addition to calculi and deposits of solidified blood that may cause ureteral obstruction, 11 ureteral strictures following previous bouts of ureteral calculi or surgery to treat ureteral obstruction may be demonstrated using pyelography. 12 Ability to distinguish cats with ureteral obstruction from other cats presenting with azotaemia enables more specific choice of treatment. Methods for treatment of ureteral obstruction in cats include medical management, 13 surgery, 13 ureteral stents [14] [15] [16] [17] and subcutaneous ureteral bypass (SUB) devices. 18, 19 A study of cats with ureteral obstruction treated using either a ureteral stent or SUB found no factors that were associated with survival to discharge, but relatively high blood urea nitrogen at presentation, high creatinine at discharge and overhydration of cats during hospitalisation were associated with decreased overall survival. 20 No studies to date have tested associations between imaging findings and outcome in cats presenting with azotaemia.
The aim of the present study was to review the records of a series of cats presenting with azotaemia in order to identify clinical or ultrasonographic findings associated with ureteral obstruction or outcome.
Methods
For this retrospective cross-sectional study, electronic medical records of the Queen Mother Hospital for Animals between June 2009 and May 2015 were reviewed. The criteria for inclusion were cats presented for the first time during this period, that had azotaemia, ultrasonography of the urinary tract, ultrasound report and images available for review, and received treatment for azotaemia. Azotaemia was defined as serum creatinine at presentation >180 μmol/l, as determined by the clinical pathology laboratory, or plasma creatinine >140 μmol/l as determined by a bench-top biochemistry analyser (Bioprofile 300; Nova Biomedical). Cats with pre-renal azotaemia or urethral obstruction were excluded. Determination of pre-renal azotaemia was based on serum creatinine on admission above the reference interval, a urine specific gravity (USG) >1.040 and no ultrasonographic evidence of urinary obstruction. 5 Data extracted from the medical records included signalment, history, clinical signs, results of haematology, serum chemistry and urinalysis, ultrasound findings, results of survey (non-contrast) radiography, results of pyelography, diagnosis, treatment and outcome (death in hospital or discharged alive). Categories of diagnosis included specific renal disease (when determined), tentative diagnosis of obstruction (including cats subsequently proven to be obstructed) and undiagnosed.
Ultrasound findings were extracted from archived ultrasound images and contemporaneous reports written by six different board-certified radiologists employed at the Queen Mother Hospital for Animals during the period covered by the study. Objective renal length in sagittal or dorsal images, objective transverse pelvic diameter, subjective renal size, subjective pelvic and ureteral dilatation, renal shape, presence of renal scars (focal depressions in the cortical surface with adjacent hyperechoic cortical segment), echogenicity of the cortex and medulla, presence of calculi, presence of perinephric or peritoneal fluid and results of radiography were recorded (Table 1) . Radiographs were reviewed for presence of urinary calculi. Results of pyelography were recorded as normal, abnormal/non-obstructed or obstructed.
Clinical and ultrasonographic data for analysis were derived from the first period of hospitalisation only. Continuous data were summarised using median and range. Serum creatinine values as determined by the bench-top biochemistry analyser were not included in summary data nor used in analysis because the reference interval and operating range were different to those used by the clinical pathology laboratory, which took precedence. Associations between clinical and ultrasound results and the dependent variables 'tentative diagnosis of ureteral obstruction', 'pyelography positive for ureteral obstruction' and 'death in hospital' were tested using binary logistic regression with step-wise removal of non-significant variables. Results of the final regression models were expressed as odds ratio (OR) and 95% confidence interval (CI). The association between degree of renal pelvic dilatation on ultrasonography and pyelographic diagnosis of obstruction was tested using receiver-operating characteristic (ROC) curve analysis. For each cat that had ultrasonography and survey radiography, agreement between studies with respect to presence of calculi was tested using the kappa statistic. Statistical tests were undertaken using a proprietary application (SPSS Statistics, version 22; IBM). Differences with P <0.05 were considered significant.
Results
Records were found of 238 cats that satisfied the inclusion criteria ( Figure 1 ). There were 121 males (115 neutered) and 127 females (111 neutered). Their median age was 7 years (range 2 weeks-20 years). There were 134 (56%) domestic shorthair cats, 13 (6%) British Shorthair cats, 12 (5%) domestic longhairs, 11 (5%) Ragdolls, nine (4%) Burmese, nine (4%) Persians, eight (3%) Bengals, seven (3%) Siamese, six (3%) mixed breed cats, four (2%) Birmans, four (2%) British Blues, four (2%) Maine Coons and 11 other feline breeds with fewer than four affected individuals.
Urinary calculi had been identified prior to referral in 12 (5%) cats. Clinical signs included lethargy in 152 (64%) cats, inappetence in 142 (60%), vomiting in 90 (38%), polydipsia/polyuria in 65 (27%), weight loss in 60 (25%), straining to urinate in 23 (10%), signs of abdominal pain in 13 (5%) and diarrhoea in eight (3%). The median duration of clinical signs was 7 days (range 1 day-6.3 years). Median body condition score was 4/9 (range 1-8), body weight was 3.7 kg (range 0.9-7.1kg), heart rate was 178 beats/min (range 100-250 beats/min) and respiratory rate was 32 breaths/min (range 10-136 breaths/min). Rectal temperature values were available for 192 cats. Median rectal temperature was 37.9ºC (range 32.8-40.1ºC), 111 (58%) cats had subnormal rectal temperature (<38.1ºC) and 11 (6%) were pyrexic (>39.2ºC). During hospitalisation, 12 (5%) cats developed signs of overhydration, including pleural and peritoneal effusion.
All cats had azotaemia on presentation, as per the inclusion criteria. Median serum creatinine was 417 μmol/l (range 184-2100 μmol/l) as determined by the clinical pathology laboratory (n = 199). Additional results of haematology and serum chemistry determinations for 199 cats were available for review. Median haematocrit was 0.29 (range 0.09-0.49); 88 (44%) cats were anaemic (haematocrit <0.29). Total serum protein was 72 g/l (range 19-112 g/l); 12 (6%) cats had Ureteral obstruction was recorded as the tentative diagnosis in 92/238 (39%) cats. In the final regression model, tentative diagnosis of ureteral obstruction was significantly associated with unilateral enlarged kidney on palpation (OR 17.2, 95% CI 3.9-75.5), dilated renal pelvis (OR 27.6, 95% CI 6.7-112.7) and calculi within the ureter (OR 62.8, 95% CI 11.4-347.4) on ultrasound. These results indicate the clinical and ultrasound findings used most frequently by attending clinicians as the basis for tentative diagnosis prior to pyelography or other method of definitive diagnosis. Although dilated ureter was significantly associated with ureteral obstruction on the basis of pairwise testing, dilated ureter was not included in the final regression model because it was highly correlated with dilated renal pelvis. No other clinical signs, blood test results or ultrasound findings were associated with tentative diagnosis of ureteral obstruction.
Of the 92 cats with a tentative diagnosis of ureteral obstruction, 49 (53%) had pyelography, including 16 cats that had bilateral pyelograms. Of 65 kidneys subjected to pyelography, 46 (71%) were proved to have ureteral obstruction, nine (14%) had an abnormal but nonobstructed ureter ( Figure 2 ) and 10 (15%) had no ureteral abnormality identified. No significant differences in ultrasound signs were found between cats with obstructed and non-obstructed ureters at pyelography (Table 2 ). ROC analysis of renal pelvic diameter as a diagnostic test for ureteral obstruction found an area under the curve 0.60 (95% CI 0.44-0.75) (P = 0.08). An identical result was obtained using the pelvic diameter as a percentage of renal length as a diagnostic test for ureteral obstruction (Figure 3) . Of the 46 kidneys with proven ureteral obstruction, 18 (39%) had ultrasonographic signs compatible with pre-existing chronic nephropathy, including irregular kidney shape in 13 (28%), cortical scars in nine (20%), reduced kidney size in six (13%) and parenchymal calcification in one (2%).
Abdominal survey radiographs were obtained in 70/238 (29%) cats. Results for radiography and ultrasonography with respect to calculi affecting the kidneys, ureters or bladder agreed in 61 cats and disagreed in nine cats (Table 3) . Overall there was good agreement between results for radiography and ultrasonography for presence of urinary calculi, kappa 0.67 (95% CI 0.47-0.87).
Treatment for azotaemia was medical in 171/238 (72%) cats and surgical (ureteral stent or bypass device) in 67/238 (28%). The 67 cats treated surgically included six with abnormal but non-obstructed ureters on pyelography. Median period of hospitalisation was 5 days (range 1-22 days), after which 184 (77%) cats were discharged and 54 (23%) cats died or were euthanased. In the final regression model, death in hospital was associated with serum creatinine (OR 1.002, 95% CI 1.001-1.004) and presence of peritoneal fluid (OR 1.6, 95% CI 1.0-2.7) but not with clinical diagnosis, results of other blood or urine tests, ultrasound findings or treatment method. Plot of probability of death vs serum creatinine corresponded closely to a linear function (Figure 4) . Only serum creatinine results as determined by the clinical pathology laboratory were used for the analysis and plot. (17) 2 (11) Data are n (%) unless otherwise indicated. There are no significant differences between kidneys with and without ureteral obstruction 
Discussion
The cats in this series likely represent a range of aetiologies for azotaemia, but in the majority a specific diagnosis was not determined. The focus of this study was cats with ureteral obstruction, but definitive evidence of obstruction was not obtained in all those with tentative diagnosis of ureteral obstruction. It is evident from the results that clinicians managing azotaemic cats in our hospital placed most emphasis on unilateral enlarged kidney on palpation, dilated renal pelvis and calculi within the ureter as signs of ureteral obstruction, and that many cats were treated surgically for ureteral obstruction on the basis of these signs without employing pyelography. Although pyelography is recognised as the definitive method for determination of ureteral obstruction, this does not mean it is necessary in every cat suspected of having an obstruction. Cats with azotaemia and evidence of ureteral calculi are clearly at risk of obstruction (some may have had previous obstruction that resolved); hence, there is an indication to treat them without proof that they are obstructed when presented. Presence of azotaemia proves bilateral renal insufficiency and, under this circumstance, the patient cannot tolerate ureteral obstruction; therefore, if risk factors for obstruction are identified ultrasonographically, treatment for obstruction is indicated because this is likely to be, or to become, a contributor to azotaemia.
The clinical scenario dictates the appropriateness of imaging in patients with azotaemia. In humans with newly detected renal dysfunction, ultrasonography is indicated to look for reversible causes, assess renal size and echogenicity, and thereby establish the chronicity of disease, but imaging is most useful in high-risk groups or in patients in whom there is a strong clinical suspicion of obstruction. 21 Similarly, ultrasonography is used routinely to examine the kidneys of cats with azotaemia in an attempt to distinguish causes of AKI, such as ureteral obstruction or ethylene glycol toxicity, from conditions associated with CKD, such as polycystic kidney disease or nephritis; however, there is notable overlap in the pathophysiology of these conditions, as the majority of cats presenting acutely with ureteral obstruction have pre-existing CKD. 22 It seems likely that in many instances, signs of pre-existing CKD in a cat presenting acutely with ureteral obstruction will reflect a prior undetected episode of obstruction.
Ultrasonography has utility as a means of selecting those azotaemic cats at greatest risk of ureteral obstruction, in which further assessment of obstruction is indicated. Only kidneys with pelvic dilatation on ultrasonography are candidates for pyelography because a degree of pelvic dilatation is necessary to enable surgical placement of a SUB device. However, in this study, when using the results of pyelography as the gold standard, ultrasonography was inaccurate for ureteral obstruction; therefore, management decisions based on ultrasonography alone may be flawed. The degree of dilatation of the renal pelvis and proximal ureter at any point in time will reflect the balance of urine output and the degree of any obstruction. Dilatation of the renal pelvis may be observed with high rates of urine output in nonobstructed animals; 23 hence, it must also be interpreted with caution. Conversely, it is plausible that urinary tract dilatation could be absent in an obstructed but volume-depleted patient. Pyelography should be considered whenever there is a need to prove ureteral obstruction.
Classification of results of pyelography as obstructed or non-obstructed is a limitation of the present study. Partial obstruction is likely to have been present in at least some of the nine abnormal, but patent, ureters in the present study (Figure 3 ), but without any practical method of determining the degree of partial obstruction, a binary classification was considered necessary. In a cat with marked pelvic dilatation and a calculus in the ureter, there could be a clinically significant degree of obstruction even if some contrast passes on pyelography. Under these circumstances, reduction in azotaemia immediately following ureteral stenting or SUB placement could be a useful retrospective sign of ureteral obstruction.
There was good agreement between radiographic and ultrasonographic findings with respect to presence of urinary calculi. Discrepancies likely reflect instances in which calculi were present but not observed using one modality. Calculi may be missed ultrasonographically if the ureter cannot be adequately examined. Calculi may be missed radiographically if they are superimposed by other structures, such as parts of the gastrointestinal tract, or are not sufficiently opaque, which will include deposits of solidified blood. 11 Clinical signs in azotaemic cats in this series were similar to those previously described, with lethargy, inappetence, vomiting, polydipsia/polyuria and weight Figure 4 Plot of probability of death in hospital vs serum creatinine at presentation in 199 cats with azotaemia. Line is a fitted linear function loss observed most frequently. Subnormal rectal temperature, anaemia and hyperkalaemia were also observed frequently. We excluded cats with pre-renal azotaemia because they represent a heterogeneous group of nonrenal conditions, their azotaemia was relatively easily corrected in many cases and ultrasonography of the kidneys would not be expected to contribute to management of pre-renal azotaemia, except by documenting lack of signs of renal or post-renal conditions.
In this series, death in hospital was strongly associated with serum creatinine on presentation, but not with results of other blood or urine tests, ultrasound findings, clinical diagnosis of obstruction or treatment method. This result must be interpreted with caution. Serum creatinine concentration may be used as a prognostic indicator because creatinine is a marker of glomerular filtration rate and indicates the degree of functional renal damage. In CKD the creatinine concentration may be correlated with the true residual renal function and can help in predicting a prognosis (eg, the IRIS staging for CKD); 24, 25 however, in the acute phases of kidney injury or ureteral obstruction the reduction in the renal function may be transient and potentially reversible, therefore serum creatinine indicates only the degree of the current injury to the kidney but cannot be used as a reliable prognostic factor. 26 Serum creatinine results need to be considered carefully when applied to the management of an individual patient; although other studies have also found a strong correlation between degree of azotaemia and prognosis, 24, 25 high serum creatinine alone does not always indicate irreversible kidney damage and failure. The association found in the present study between peritoneal fluid, which can be a sign of overhydration in patients receiving intravenous fluids, and death in hospital corresponds with a previous study that found overhydration of cats during hospitalisation to be associated with decreased overall survival. 20 
Conclusions
Ultrasonography may be used to identify azotaemic cats at greatest risk of ureteral obstruction, but when using pyelography as the reference test ultrasonography appears to be inaccurate for diagnosis of ureteral obstruction.
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